A catalog of gamma-ray sources based on photons with energies greater than 1 GeV has been developed from observations taken by the EGRET instrument o f the Compton Gamma Ray Observatory. The data are taken from the 4.5 years of observation available in the public data archive. We emphasize sources which are detected using the entire database without regard to any possible transient o r v ariable behavior. Ten of the 57 sources reported here have not previously been reported in the catalogs developed using photons above 100 MeV in energy Thompson et al. 1995 Thompson et al. , 1996 . Twenty-seven sources have identi cations with objects seen at other wavelengths: the Large Magellanic Cloud, ve pulsars, and 21 blazars. The remaining 30 sources are classi ed as unidenti ed, however 7 may be associated with galactic supernova remnants Esposito et al. 1996; Sturner, Dermer & Mattox 1996 and one source may be a galactic X-ray binary LSI 61 303. The 30 unidenti ed sources are distributed nearly uniformly along the galactic plane and symmetric about it. Only one of the unidenti ed sources has a galactic latitude in excess of 30 , whereas, if the sources were distributed uniformly 12 would be expected on the basis of the combined EGRET exposure. A scatter plot of the ux from the unidenti ed sources versus galactic latitude reveals two rather distinct categories of source: bright" sources with uxes 4:0 10 ,8 photons cm 2 s and dim" sources with uxes 4:0 10 ,8 photons cm 2 s. The absence of high latitude, bright sources is striking.
Introduction
The Energetic Gamma Ray Experiment T elescope EGRET on the Compton Gamma Ray Observatory has surveyed the sky several times over since observations began in April 1991. The second EGRET catalog Thompson et al. 1995 based on data from Phases 1 and 2 1991 April -1993 November lists 129 sources with photon energies above 100 MeV. These sources include solar ares, pulsars, gamma-ray bursts, the Large Magellenic Cloud, active galaxies, and 71 sources with no rm identi cation. A supplement to the second catalog incorporating observations through Phase 3 October 1994 has now been published which lists an additional 28 sources Thompson et al. 1996 . Sources with regions of the sky away from the galactic plane jbj 10 are discussed in a series of papers Dingus et al. 1996 , Nolan et al. 1996 , Sreekumar et al. 1996 , Lin et al. 1996 . The four sources presented by Dingus et al. 1996 not previously reported in the EGRET catalogs bring the total number of EGRET gamma-ray sources above 100 MeV to 161.
In this paper, we develop a list of sources using only photons with energies above 1 GeV. The data is taken from the EGRET public archive which incorporates approximately the rst 4.5 years of observations, until the end of Cycle 4 operation through September 1995. Our concentration is on sources which are detected using the entire composite database. Transient sources which are not signi cantly detected using the entire 4.5 years of data are not discussed.
There are a number of reasons why it is useful to develop such a listing. In the rst place, it is possible that a population of relatively hard, galactic gamma-ray point sources buried in the di use galactic background radiation at 100 MeV may become visible at higher energies. The spectrum of the di use galactic emission as modeled Bertsch et al. 1993 falls with energy as E ,2:7 in the photon energy range of several GeV, whereas many of the already known galactic point sources both the identi ed pulsars and the unidenti ed sources have spectra which are hard with spectral indices from -1.5 to -2.2. Studies of 1 GeV gamma-ray sources may e v entually contribute to a better understanding of the contribution of point-like sources to the overall galactic emission.
In addition, at 1 GeV the angular resolution of EGRET is approximately 3.4 better than at 100 MeV Thompson et al. 1993 . Therefore in regions of the sky in which several gamma-ray sources contribute, source confusion will be diminished. Of course, if one's prime objective i s source detection, then the loss in photon statistics is severe a factor of 10 for source with a di erential spectral index of -2.0, however this may be compensated to a large extent b y the improved angular resolution and diminished background. This is borne out by a comparison of the most signi cant m ulti-GeV sources from the catalog presented here with their 100 MeV detections. There is little loss in statistical signi cance on average, with a few cases of even greater signi cance at the higher energies. Furthermore some of the source location error regions are better de ned than at lower energies, particularly for sources near the galactic plane where the galactic di use background is less at the higher energies. For such cases the smaller error regions should aid in the eventual identi cation of these sources with objects seen at other wavelengths. There is, however, a statistical penalty to be paid in searching the sky since the smaller "beam size" at 1 GeV results in more e ective trials.
A m ulti-GeV source list will be useful to the atmospheric Cherenkov detector community.
Currently such detectors are limited to photon energies above 200 GeV, but there are proposals Weekes 1996 , Ong et al. 1996 , Qu ebert et al. 1996 to develop detectors to reach perhaps an order-of-magnitude lower in energy, substantially reducing the gap which currently exists between the energy ranges covered by space-borne pair production telescopes and by the Cherenkov technique. Since the atmospheric Cherenkov technique is a pointed technique, no sensitive all-sky survey has yet been accomplished at the energies covered by it. Thus a catalog developed from EGRET's highest energy photons will provide a useful guide for source observations with the higher energy ground-based detectors.
In the following section the methods used to derive the source list are described. Section 3 presents the detected sources. In section 4, the 26 identi ed sources are brie y discussed. All of the identi ed sources had been previously identi ed using lower energy EGRET photons. In section 5, the unidenti ed sources are discussed. From their galactic longitude and latitude distributions, most, if not all, of the unidenti ed sources may be inferred to be galactic. It will be argued that a division of these sources into two populations is reasonable. One population is composed of low latitude, bright sources; the other is a relatively dim, possibly nearby component. Possible identi cations of these categories will be discussed.
Observations and Analysis
The EGRET instrument has been well documented Kanbach et al. 1988 , Thompson et al. 1993 . The ability to image photons from 30 MeV to around 10 GeV with large collection area, coupled with the long lifetime of CGRO has made EGRET the most successful pair-production telescope yet own. At energies above 1 GeV, EGRET still has a large e ective area 1000cm 2 and eld of view appreciable sensitivity out to 30 deg from the instrument axis. These characteristics make EGRET as good a survey instrument a b o v e 1 GeV as it is at 100 MeV, with the caveat that most sources are much w eaker above 1 GeV.
The basic database for this study is all-sky maps in both J2000 and galactic coordinates which contain 4.5 years worth of co-added data. Exposure maps and counts maps for energies greater than 1 GeV for the 167 individual CGRO pointings which comprise the EGRET observations through phase 4 have been combined into rectangular maps with a 0.5x0.5 degree binning. This is the same binning used in the 100 MeV catalogs. The EGRET point spread function is much smaller at 1 GeV, however. The e ect of this was tested by the use of smaller binnings down to 0.1x0.1 degrees for a limited number of viewing periods for sources in the galactic anti-center region. The smaller binning did not result in a signi cant di erence in estimates of detected source parameters, therefore we consider the larger binning to be acceptable. The complete database as w ell as the software to combine and analyze the maps are all available through the services of the CGRO Science Support Center http: cossc.gsfc.nasa.gov .
The co-added maps were analyzed using the maximum likelihood technique Mattox et al. 1996a . No prior knowledge about known sources was assumed. Speci cally, w e did not use the 100 MeV catalog as a starting point. Our source list was produced through an iterative technique of identifying signi cant features in likelihood maps, adding these sources to the source listing, and repeating this with the known sources being subtracted out. This process proceeded rst for the galactic map with the celestial map being used as an alternative for high latitude sources.
Simulations of all-sky maps have been performed in order to assess source signi cance. Eight maps, four each in J2000 and galactic coordinates, were created using the actual exposure maps and the EGRET di use background model. The mean number of counts in each map were normalized to the total number in our database 90; 000 photons. Poisson deviations to the expected numb e r i n e a c h bin based on the background model smoothed with the EGRET point-spread function form the simulated data. As described in Mattox et al. 1996a , the parameter used to distinguish sources from the background is the square root of the maximum likelihood test statistic. This quantity is not truly Gaussian distributed, however as a short hand we will use language as if it were. For example 5 sigma" corresponds to a value of the square root of the maximum likelihood test statistic equal to 5. A 5 sigma detection threshold provides a criteria whereby there is little doubt as to the reality of a source. As Figure 1 shows, at a 4.0 sigma level, several spurious sources are expected. This plot shows the distribution of the square root of the maximum likelihood test statistic for the 8 simulations along with the actual data. The plots are for the values within each 0.5x0.5 degree bin so there is some "oversampling" of sources in that a source overlaps more than one bin. This oversampling is roughly a factor of two for the simulated maps at high values of the test statistic. The actual number of spurious sources found above 4.0 sigma for the 8 simulated maps was 20 with none of the spurious sources going above 4.5 sigma. Given that our actual dataset comprises two maps, we expect no spurious sources above 4.5 sigma and 51.2 above 4.0 sigma.
With this in mind, we separate our catalog into three tables. The rst represents those sources with a 5 sigma or greater signi cance. These are high-con dence sources. The second are those sources which h a v e signi cance between 4.5 and 5 sigma. The majority of these low-signi cance sources are true gamma-ray sources and we expect at most one spurious source. We did not nd any signi cant di erences between galactic plane simulations and high-galactic latitude simulations which w ould lead us to treat these two regions di erently as shown in Figure 1 , so have not made a distinction based on galactic latitude. However, the high-signi cance versus low-signi cance distinctions should provide some safety from systematic e ects involving the di use model or other systematic errors. The nal category of sources are those between 4.0 and 4.5 sigma, which are spatially coincident with previously cataloged 100 MeV sources. These are predominantly real sources since we detected 18 in this interval of signi cance; statistical uctuations alone should produce only 51.2. Five of these 18 sources are associated with previously catalogued 100
MeV sources and therefore are regarded as real. Any features below 4 sigma are ignored for this analysis. Many such features down to 3.0 sigma have been included, however, as possible sources for the likelihood analysis.
Both the likelihood analysis and simulations rely on standard software and data products with one exception. The EGRET point-spread function used is not that found using the pre-ight calibration data. Instead, we h a v e utilized an in-ight point spread function psf based upon the counts distribution of the Vela pulsar which provided a strong steady source. This change was made since the pre-ight psf did not provide a decent t t o m a n y of the strong 1 GeV sources. The actual psf used was arrived at by iteratively modeling the Vela pulsar source counts as a new psf. The main di erence is that the in-ight psf is somewhat broader. Note: in the standard EGRET 100 MeV analysis, the database is restricted to photons which make an angle with respect to the spark chamber of less than 30 . F or our 1 GeV analysis, we made no such restriction.
The combined exposure of the 4.5 years of data is shown in a map in galactic coordinates in Figure 2 . Regions of the highest exposure 1:8 10 9 cm 2 s occur in the galactic center and anti-center regions as well as the Virgo region. The least exposed region 2:5 10 8 cm 2 s occurs in the region between Virgo and the galactic anti-center region. Tables 1 and 2 give the 46 high and 6 low signi cance source listings ordered by galactic longitude. Table 3 lists the 5 sub-threshold sources which are consistent in position with a 100 MeV source. Figure 3 plots the sources from all three Tables. Both galactic plane and high-latitude sources are well represented.
GeV Source Lists
In each o f T ables 1-3 the source coordinates are determined by using the location of the largest value of the maximum likelihood test statistic. The position error for a source gives the radius of the 95 con dence circle in arc minutes if a single numb e r i s g i v en. If 3 numbers are given they refer to a 95 con dence ellipse with semi-major and semi-minor axes in arc minutes and orientation in degrees following the convention of the second EGRET catalog Thompson et al. 1995 . The sigma of a source is the square root of the maximum likelihood test statistic Mattox et al. 1996a . The ux values are the mean ux and ux error over the entire mission while the column labeled photons" refers to the total number of estimated photons from the source. The ux values are given in units of: 10 ,8 cm ,2 s ,1 . The nal column gives a likely identi cation and or association with a source reported in either the second EGRET catalog Thompson et al. 1995 or its supplement Thompson et al. 1996 . The criteria for identi cation are discussed in the following section. Of the 57 sources, 27 are identi ed with objects seen at other wavelengths. The remaining unidenti ed sources are discussed in section 5.
Identi ed Sources
Five of the sources given in Table 1 may be de nitely associated with known pulsars as they were in the EGRET catalogs. In order to study the possibility, advanced in the introduction, that GeV positions would su er little in comparison to positions determined by using all photons above 100 MeV, we h a v e listed the angular o set of the positions determined from the 100 MeV database phases 1 and 2 and the 1 GeV database developed here phases 1 through 4 in Table  5 . We note no signi cant systematic di erence, either way, in the o sets.
One of the sources given in Table 3 GEV J0543-7031 is identi ed with the Large Magellanic Cloud. For the remaining sources, possible identi cations were sought b y using the extragalactic database NED regardless of their galactic latitude using selection criteria similar to that of the rst EGRET catalog Fichtel et al. 1994 . An identi cation was deemed likely if there were a positional coincidence within the 95 likelihood contour with a blazar, a loose category of AGN which includes BL Lacertae type objects, core-dominanted at-spectrum radio quasars, and highly polarized and optically violently variable quasars.
Twenty one of the sources were identi ed as blazars through the NED search as indicated in Table 1 3. All of these blazar identi cations have been given previously in either the second EGRET catalog Thompson et al. 1995 , its supplement Thompson et al 1996 , an IAU telegram Mattox et al. 1996b for PKS 1622-297, or a paper discussing the evolution of the EGRET AGN Chiang et al. 1995 for blazar QSO 2005 -489. QSO 2005 was also reported in the rst EGRET catalog Fichtel et al. 1994 but not in the second EGRET catalog nor its supplement. Like the pulsars, we h a v e compared the angular o sets for the blazar source positions determined by the 100 MeV and 1 GeV studies. We do not have the positional information for one EGRET blazar source, PKS 1622-297, however for the 20 remaining blazars we h a v e made the comparison. In Figure 4 histograms of the angular o sets for these 20 blazars are shown. The average o set for the positions from the EGRET catalog positions is 0.31 ; for the GeV catalog positions an average o set of 0.31 is also obtained. Thus, in spite of the substantial loss in photon statistics, there is little or no degradation of the positional accuracy by the restriction to GeV energy photons.
Unidenti ed Sources
In the combined list of sources in Tables 1 3, 30 sources have no rm identi cation other than possibly an identi cation with an EGRET catalog source. Identi cation with an otherwise unidenti ed 100 MeV source is based on having the 95 con dence contours for the two positions overlap. In Figure 5 the positions of these sources are plotted; they show a n o b vious clustering about the galactic equator, with only 1 source having a galactic latitude greater than 30 .
In order to make a quantitative test of how uniform or not this distribution is, one must make corrections for both the non-uniform background and the non-uniform exposure. If the gamma-ray sources are distributed uniformly in Euclidean space, the number of sources, N, above a given minimum ux, F min , will be proportional to F ,3=2 min . Mattox et al. 1996a have shown that, at a given threshold of statistical signi cance, F min , will vary as p B=E, where B is the background intensity independent of exposure and E is the total exposure. Thus, if background variations can be neglected, N, will scale as E 3=4 .
On the basis of the EGRET exposure Figure 2 , if the 30 unidenti ed sources are distributed uniformly and we neglect the growth of the background as one moves toward the galactic equator, one would expect approximately 12 sources having a galactic latitude greater than 30 , whereas only one is seen. Furthermore if the diminished sensitivity to sources due to increased background toward the plane is taken into account the conclusion that the distribution is galactic is even stronger.
In an e ort to further categorize these sources, one-dimensional projections of their longitude and latitude values are plotted in Figure 6 a and 6 b. The dashed curves in Figure 6 give the EGRET exposure to the 3 4 power, normalized to have the same area as the histograms.
The longitude distribution of Figure 6 a shows no strong contrast between directions toward or away from the galactic center. For example, in the interval -30 to +30 toward the galactic center, there are 8 sources; whereas in the anti-center region from -150 to +150 there are 6 sources. If these sources were at distances which w ere more than the typical separation distance between spiral arms of the Galaxy 2-3 kpc they would be expected to show a signi cant enhancement i n the regions toward the center. From the general lack of strong contrast one may conclude that these sources are generally at distances less than 5 kpc. Studies of the longitude distribution of the unidenti ed sources in the 100 MeV catalogs Mukherjee et al 1995, Kanbach et al 1996 reach a similar conclusion.
The latitude distribution of the sources Figure 6 b shows a clustering about b=0 , with wings that extend to beyond 20 . This distribution is not consistent with a simple Gaussian distribution. A two-dimensional scatterplot of source ux versus galactic latitude shown in Figure  7 suggests a distinction between two t ypes of source. One category bright" has a clustering near the galactic equator. The other category dim" has a much broader distribution in latitude.
The separation between these two categories can be made empirically at a ux value of 4 10 ,8 photons cm 2 s. With this demarcation, 20 sources are bright, 10 are dim. The bright sources have a n a v erage jbj = 2 : 7 , whereas the average jbj for the dim sources is 13:8 . W e note that of the 10 so-called new" sources, i.e. sources that have not previously been reported in the second EGRET catalog Thompson et al. 1995 or its supplement Thompson et al. 1996, 5 are in the bright category and 5 are in the dim category.
The absence of high latitude, bright sources is striking. For example, although there are twice as many bright sources 20 as dim 10, only 2 bright sources occur at latitudes greater than 5 , whereas there are 7 dim sources. This feature is consistent with the fact that the bright sources are strongly clustered along the galactic plane. The lack of dim sources at latitudes less than 5 may be caused by a diminished sensitivity near the plane from the increased di use background and possible confusion from brighter point-like sources. Note that one of the dim sources in the anti-center region, GEV J0633+0645, may possibly be identi ed with the Monoceros supernova remnant as listed in Table 4 .
The average luminosity of the bright sources may be constrained by a line of reasoning similar to that of Mukherjee et al. 1995 for the unidenti ed galactic plane sources given in the rst EGRET catalog Fichtel et al. 1994 . If we take a minimum scale height of 40 pc, then the average latitude of the bright GeV sources of 2.7 translates into a minimum average distance of 1 kpc. This corresponds to a luminosity 1 10 GeV of 4 10 34 ergs s for a source with a ux of 1 10 ,7 photons cm 2 s. With a scale height o f 100 pc, common to many population I objects, an average luminosity o f 3 10 35 ergs s 1 10 GeV results. This luminosity is in rough agreement with the estimates given by Mukherjee et al. 1995 and Previous authors Sturner, Dermer, & Mattox 1996 , Esposito et al. 1996 have suggested that several of the low latitude, bright sources may be associated with radio supernova remnants. Table 4 lists these likely associations. In the table we h a v e included one of the dim sources, GeV J0633+0645. The possibility that CTA 1 is a counterpart of a previously unidenti ed gamma-ray source has typically been overlooked by studies which focussed on SNR's within 10 degrees of the galactic plane. X-ray observations of CTA 1 b y Seward, Schmidt & Slane 1995 reveal a coincident, z=0.225, AGN. This AGN is, therefore, an alternative possible identi cation for the gamma-ray source, GEV J0008+7304, at this position. Distances to these supernova remnants are those given in Esposito et al. 1996 , with the exception of CTA 1, which is taken from Pineault et al. 1993 . Note that the distances are fully consistent with the upper limit of 5 kpc given above. The nature of the remaining 14 bright sources remains a mystery. P erhaps several of them may be previously undetected SNR. Another possibility is that some are previously undetected fast, young radio pulsars as recently discussed by Kaaret & Cottam 1996 and Yadigaroglu & Romani 1997 . Kaspi 1997 has supplied a speci c example of a likely association of a low latitude EGRET unidenti ed source and a young, fast 63-ms period radio pulsar that she has discovered. Brazier et al. 1996 have proposed that the source 2EG J2020+4026 GEV J2020+4023 may b e a y oung pulsar.
We n o w consider the dim, unidenti ed sources. Figure 8 gives the cumulative distribution normalized to 1 of the absolute galactic latitude of these sources in comparison to cumulative distribution of the 3 4 power of the exposure. The maximum deviation of the data is 0.44. The application of the Kolmorgorov-Smirnov test to this statistic allows the hypothesis that the dim sources are consistent with an isotropic distribution to be rejected at greater than the 97 con dence level. This conclusion is further strengthened when the increased background near the galactic equator is taken into account since it acts to diminish the number of dim sources that are detected near the plane. for their identi cation? One is that they are Geminga-like pulsars, i.e. pulsars that are shine brightly in gamma-rays but are relatively dim at other wavelengths. Although the scale height of Geminga-like pulsars is not well constrained, the average luminosity for the dim, unidenti ed objects could be consistent with this possibility. This possibility has been advanced most recently in the study of unidenti ed EGRET sources by Mukherjee et al. 1995 . They conclude that the jbj 10 unidenti ed EGRET sources could be Geminga-like pulsars. Other possibilities for the high latitude unidenti ed EGRET sources are given by Ozel and Thompson 1996 and these same possibilities would hold for the unidenti ed sources discussed here.
Cygnus Region Complex
In the second EGRET catalog, 4 sources are located within approximately 5 of each other near galactic latitude 80 . One of these sources may possibly be identi ed with Cygnus X-3 Mori et al. 1997 . However the analysis of the region is very di cult since it is a region of enhanced di use emission Hunter et al. 1997 and the point-spread function of the EGRET instrument will simultaneously overlap the positions of all 4 of the EGRET sources. One of the motivations for this work was the thought that by using only the higher energy EGRET photons, source confusion would be minimized. Figure 9 shows the locations of the GeV catalog sources as well as the EGRET sources. Note that for two of the sources, there is essential agreement in the positions reported. However there is no positional identi cation of a GeV source with Cygnus X-3. If Cyg X-3 is a steady gamma-ray source, its ux 100 MeV of 8:2 0:8 10 ,7 cm ,2 s ,1 and relatively hard spectral index of 1.9 Mori et al. 1997 , would indicate that there should be a signi cantly detectable ux above 1 GeV. The lack o f s u c h a detection indicates that the spectrum breaks in the sub GeV range. One of the four sources in the Cygnus region GeV J2020+4023 is possibly associated with SNR -Cygni as noted in Table 4 .
Conclusions
In the GeV gamma-ray catalog presented here we h a v e reported 10 sources not previously cataloged. Blazar identi cations previously given in the EGRET catalogs are supported. However, the GeV gamma-ray sky is somewhat di erent from the sky as seen by the previous EGRET catalogs. Most, if not all, of the unidenti ed GeV sources are galactic. Furthermore there appears to be a possible separation of the unidenti ed sources into 2 categories based upon relative brightness. One category, composed of brighter sources, has a galactic latitude distribution consistent with that of the radio supernova remnants. The other source category, dim and near the sensitivity limit of EGRET, could be consistent with a relatively nearby 200-1000 pc distribution of Geminga-like pulsars and would be two orders of magnitude less luminous, on average, than the bright sources. However, other possibilities exist.
A major problem that has confronted high energy gamma-ray astronomy since the days of the SAS-2 and COS-B satellites is the issue of source identi cation. The issue is still with us. It is hoped that this catalog may stimulate further progress in this critical area and that it may also be used to guide e orts by ground-based gamma-ray observatories in their search for sources of even higher energy photons. Figure 1 . Simulations of the 1 GeV sky vs. actual data. The vertical scale gives the cumulative n umber of occurrences above a given sigma threshold. Tables 1 3. The lled circles correspond to the high signi cance sources of Table 1 ; the stars correspond to the low signi cance sources of Table 2 ; the diamonds correspond to previously seen sources with signi cances between 4.0 and 4.5 . 
